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1 
iYy invention is directed fo a new ïorm of stress- now Patent No. 2,413,797. Therein I have dis- 
indicating stud or bolt, and more particularly closed a bolt or stud which can be tightened down 
concerns a method and means for determining fo a predetermined stress or elongation or both. 
rapidly and with a high degree of sensitivity the Additionally, I disclose a method of achieving this 
exact degree oï tightness, and of stresses and 5 objective. Essentially, that construction and 
strainsimposedthereon, technique of operation contemplates providing 
My invention bas for an objective, the produc- an elongated longitudinal bore within the bolt 
tion of a stress-indicating stud, bolt or other or stud. This bore may extend entirely through 
fastening means which is simple, sturdy, reliable the bolt or other fastening device or may ter.mi- 
and efficient in operation, combining therewith , nate short of the end thereof. Within the bore 
the essential elements of low first cost and ease of I provide a gauge pin which remains continu- 
production, ously unstressed. In one embodiment when the 
Another object is fo produce a stress-indicating bore is unstressed the design is such that the 
stud or bolt assembly employing a stud or bolt free end of the gauge pin is exactly lush 
or other fastening device oï the type generally 15 the outer face of the head of the stud or the like. 
described just hereinbeïore, and combining there- Upon exact tightening down of the bolt, how- 
with simple, efficient, reliable and inexpensive ever, if is elongated fo a certain extent, whereas 
means for indicating the stressing of the bolt the unstressed gauge pin remains af ifs original 
with a minimum oï expenditure oï rime, effort length. The degree of separation between the 
and operational expense. ?. end oï the unstressed pin and the outer face of 
A further object is to produce so method and the stressed bolt constitutes a precise measure 
mode of operation for achieving the aforemen- of the stress within the bolt or of length of bolt 
tioned objectives in simple, efi2cacious manner, grip, or both. 
Other objects and advantages will in part be While in my said companion application I dis- 
obvious and in part more ïully pointed out here- _ close what constitutes a distinct advance in the 
inafter during the course of the ïollowing specifi- art, namely, a stress-indicating stud, bolt or 
cation taken in the light of the accompanying other fastening device the latter is entirely me- 
drawings, chanical in both ifs concept and ifs operation. 
My invention accordingly resides in the several An important limitation of such construction is 
operational steps, parts, elements and features 3o that if provides for indication, either, transitory 
of construction, combination of parts, and in the or recorded, ïor only one particular setting of 
combination of each oï the same with one oI  snap means responding to a given external stress. 
more of the others, the scope of the application of In many instances, however, if is obviously highly 
all of which is more ïully set forth lu the claires desirable fo provide for continuous reading over 
at the end of this specification. :,,, a wide range of stressing.  Thus, for example, 
In the drawings, wherein I disclose several when seating a bolt oz  other fastening device 
embodiments of my invention whch I prefer at equipped according fo the teachings of my present 
present, invention, the operator af all rimes is awsre of the 
ligure 1 discloses, partly in section and partly degree of stressing and the approach fo the pre- 
in schematic disclosure, one embodiment wherein 4 determined optimum value. Similarly, when in 
a single electrical terminal is employed, the con- use variations in stresses, tending towards in- 
ducting wire being fast thereto af the outer end cipient ïailure, can be instantaneously deter- 
of the bolt, stud o  other ïastening device, and mined. 
the bolt or the like, or the wire serving indis- Moreover, some difi2culty in the use of old- 
criminately as the other terminal oï the electrical 45 strain gauges is encountered in that the gauge 
circuit; while, reading heretoïore could be determined only 
lWigure 2 is a view similar fo lWigure i, wherein locally, in the vicinity oï the particular fastening 
conducting wires through the bolt or stud are ai devices undergoing observation, lrequently, how- 
all points and all rimes insulated fully from the ever, this will be located in spots so remote as to 
boit or stud, and paired terminals are employed 50 be difficult if hot even impossible of access. 
for conducting the electric current to and from is highly desirably that the stress reading can 
the gauge wires, be determined ai some readily accessible point, 
Throughout the several views of the drawings, which necessarily must often be remote fïom the 
like reference characters indicate like parts, particular fastening device. In a thoroughly 
As conducive fo a more thorough understand- 55 practical installation according fo my invention, 
ing of my invention if maY be noted ai this point the meters or other indicating devices will be 
that this application is in many respects a com- cated in a single bank, readily accessible fo a 
panion fo ï]y pending application fo  Letters single operator. 
Patent of the United States, Serial No. 588,650, My invention accordingly may be considered 
filed April 16, 1945, entitled lWastening Device, 60 as avoiding in substantlal measure the several 
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limitations of the prier art and te provide for 
the first rime for continuous stress readings over 
a wide ïange thereof, and these ai points remote 
frein the fastening means themselves, and readily 
accessible te the operator. 
A furthel" object is te provide an assembly of 
the general type described, in which any ferre 
of e]ectronic indicator or recording system may 
be employed. 
GeneraIIy, tuf invention may be considered as 
comprising a conventional strain gauge disposed 
inteïiorly of a suitable fastening device, the 
sembly being employed in electrically contro]]ing 
the tightenin means or for indicating stresses 
throughout the tightening and subsequent use. 
Combined with if is a remote!Y iocated indicator 
of the stressing occurïing within the fastening 
device. Any soït of electronic indicator or re- 
coroEing system may be emp]oyed, such for ex- 
ample as the instruments employed iii ths con- 
ventional strain gauge. In cam'ying my invention 
into execution, I employ an ordinary bolt, stud, 
or other fastening device, constructed of moral 
This bolt is lonitudina]ly bored. Preferably, the 
bore is centrally disposed. In the preferred em- 
bodiment this bore extends the entire length of 
the bolt or stud but conceivab!y may terminate 
short oï the threaded end thereof. In sach em- 
bodiment one or more fine resistance wires ex- 
tend throuh said bore. In the embodLment 
cordin te Figure I the wire is ruade fast ai the 
end of the bore adjacent the threaded shank of 
the bolt, while ifs other end, extending te the 
outer face of the head of the bo!t or stud, passes 
through an insulatin¢ block recessed in the head 
of the bolt. This end of the wire is received in 
one tminal of an electric circuit, !ater te be 
described. 
If wili be seen that unlike the auge rod of 
my companion application, which is free ai the 
head end of the bolt, the auge wire, that is, the 
electric resistance wire here employed, is fast ai 
both ends of the bore and is stressed a]ong witl] 
the stressing of the bolt. _e]iance is mde upon 
the electrical phenomenon that stressin of the 
wire, bringing about change in the cross-sectional 
diameter thereof, is accompanied by correspond- 
ing chane in ifs electric ïesistance. Upon pre- 
]iminari]y properly ca]ibrating this ;vire, a meas- 
ure of the stressing of the bolt or stud can be 
achieved by passing an electric current there- 
through in a simple series circuit and by meas- 
uring the variation in the resistance of the wire. 
The decrease of current flow serres as a measure 
of the stressing of the bolt and proper observa- 
tions can be ruade in ïapid and simple rnanner. 
In the embodiment according te Figure 2, two 
resistance wires are led through the bore pro- 
vided in the bolt or nut and are insu!ated ai each 
end of the bore and ttu'oughout its !ength frein 
the walls delïning the bore. Pesistance blocks 
are provided for receiving the wire. Paired ter- 
minals are provided in the insulating block re- 
cessed in the head of the bolt for connecting the 
resistance wires te the electric ch'cuit. Other- 
wise, the assembly is substantially that hereto- 
fore described with respect te the embodiment 
of Figure !. 
And new having more specific reference te the 
construction accordin te Figure ! if wiil be seen 
that the conventional bolt, stud or otheï fasten- 
in device, indicated generally ai I), comprises 
an elongated shank [[ having a threaded por- 
tion [. The Isual eniarged head is provided, 
indicated generally ai [. 

4 
The bolt is conveniently rounded ai ifs thread- 
ed end as indicated at g. I provide a longi- 
tudinal bore  within both the head and sha.nk 
portion of the bolt. While it is entireiy possible 
5 te have this bore disposed asymmetricaily with 
reference te the axis of the bolt, convenience of 
construction dictates that this latter shou]d be 
disposed centrally thereof, as is the case in the 
embodiment undergoing description. This bore 
I0 illustratively extends enth'eiy throuh the lenth 
of the bolt. It is entirely within the scope and 
province of my invention, however, that this 
bore, opening te the exterior ai the outer sur- 
face of the head portion [, terminates short of 
15 the shank end of the bolt. 
I provide within the bore [ a resistance wire 
 of small diameter, having substantial resis- 
tivity, and convenient]y formed, for example, of 
nickel-chromo or other similar alloys posessing 
20 comparatively high resistance characteristics. 
This wire is marie fast te the bolt } or the ]ike 
ai the shank end of the bore . In the embodi- 
nent illustrated, this is the extreme left end of 
Figure 1, at the shank end thereof. The wire 
25 $ may be considered te be shorted s.t one end 
thereof te the bolt 
Otherwise, this wire is insulated frein bore 5 
throughout its extent therethrough. Ai the 
head end  of the bolt {} I provide fast thereto 
3o a terminal  for the wire . Te insure that 
this terminal [ is insulated frein the moral 
head [, I provide suitable insulatin means, 
here disclosed as an insulating bushing or insert 
[8, provided in a correspondin recess [, formed 
3, in the head of the bolt. 
It will be seen frein the foregoin5 that unlike 
the unstressed pin of the construction accordinl 
te my co-pending application, the wire 6 is ïast 
ai both ends fo the bolt ]. It is stressed alonj 
40 therewith. Advantage is taken of the phenome- 
non that uPon elonation of a moral filament, a 
corresponding decrease in cross-sectional dimen- 
sions occurs, and upon the further phenomenon, 
electrical in nature, that upon decrease in cross- 
45 sectionaLarea of an electric conductor, increase 
occurs in the ohmic resistance thereof. Upon 
passin an electric current through this resistor, 
and upon suitably calibrating the wire te deter- 
mine increase in resistance per unit chane in 
50 stress, if is possible, through the use of suitable 
meters, te determine precisely the elonation and 
stressing of the bolt. 
Te this end, I provide an eneriziu circuit in 
series with said filamentary wire I. This cir- 
55 cuit comprises a lead  extending fro.n the ter- 
minal ] fo a source of electric supply either 
alternating current or direct current, heïe con- 
vniently shown as a battery [. A varit.b]e re- 
sistance  is convenient]y interposed for nicety 
60 of adjustment te insure greatest current sensi- 
tivity. This may be omitted, however, if le,md 
desirable. A current lead  extends frein the 
shank end of the bolt  te the ohmic resistance 
. This lead  may be connected directiy te 
65 the bolt [] or te one terminal of the wire 9. A 
conductor 4 extends between the resistance 2 
and the source of current supply [. Final]y, a 
meter, here shown as ammeter 5, is interposed 
in the lead . This accurately indicates chanes 
ï0 in current response upon variation in resistance 
in the wire  . 
For clarity: the circuit through the filamentary 
wire  may be traced from the positive side of 
the battery 2, through lead 2{} te ammeter 
ï5 and thence te terminal , thence across wire  
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to bolt 19, to lead 23, to resiitance 22, and back 
in series, circuit across lead 24 fo the negative 
pole of the battery 21. 
In use, the bolt, after suitable calibration of 
the wire 16, is threaded clown into the workpiece. 
Elongation occurs in the wire 16, as an incident 
to such procedure. When such elongation oc- 
curs, reduction is brought about in the cross-sec- 
tional diameter of the wire, so that resistanee 
build-up is encountered. This increase in re- 
sistance, given constant voltage souree of cur- 
rent supply 21, is attended by a decrease in the 
current fiow therethrough. This change in cur- 
rent flow is evidenced upon meter 25. By proper 
calibration, the variation in current carried is 
a measure of elongation of the bolt or stud. If 
is suflicient for all practical purposes that the 
meter be calibrated in terres of a particular wire 
size, the small variations within any particular 
roll of wire from which the filament 16 is se- 
lected being round fo be insuflicient in practice 
fo set up appreciable disturbance in the experi- 
mental data. Variable resiitance 22 is intro- 
duced simçly fo permit the current fo be ad- 
justed preliminarily for a given diameter of wire 
16, the objective being to bring the initial read- 
ing of the ammeter 25 near one end of the dial. 
The embodiment of Figure 2 is substantially in 
accord with that of Figure 1, with a certain fun- 
damental exception hereinafter fo be pointed 
out, the external circuit being exactly iimilar 
with that of the first embodiment. For this rea- 
son, and since further description of such exter- 
nal circuit would constitute mere iurpluiage, no 
such description is included ai this point. 
The fundamental distinction between the dis- 
closure of Figure 1 and that of Figure 2 is that 
while in Figure 1 a single filamentary wire 16 has 
been disclosed, ruade fast ai one end within the 
bore 5 and ai its other end fo the terminal 17, 
in the embodiment according fo Figure 2, two 
wires 16A are employed. They are insulated 
from the walls of the bore 15, that is, from the 
bolt 19, through the entire extent of these wires. 
Ai one end of the bore I , here shown as the end 
14of the shank of the bolt, a second insulating 
plate or the like 26 is provided, conveniently sunk 
into a recess 27 provided in the end of the shank 
portion. This plate 26, ruade fast fo the end of 
the bolt, receives the ends of the wires 16A and 
joins them together. The wires are then strung 
through the bore 15 into the plate 15 ai the head 
end of the bolt similar fo the plate 15 herein- 
before described with respect to the construction 
according fo Figure 1. The free ends of the wires 
16A are joined fo terminals 28 and 29 in the plate 
18 by which terminals the wires 16A are joined 
to leads 23, 20 respectively. The closed circuit 
for the electric current will be obvious. 
The necessity is avoided of nicety of gauging 
the position of the end of the gauge pin relative 
fo the end of the bolt head. All that is necessary 
is fo secure the electric leads into position, adjust 
for zero load rating, and then tighten the bolt, 
stud or other fastening device so as fo elongate 
the saine to the specified reading on the gauge 
25. A high degree of rapidity is insured with 
accurately reproducible results and this with the 
use of but a minimum of labor, of no particular 
skill. All these and many other high advanta- 
geous results attend upon the practice of my 
invention. 
Since many modifications of the present em- 
bodiments of my invention wfll readfly occur to 
those skflled in the art, once the details thereof 
are disclosed; and since similarly, many embodi- 

6 
ments will suggest hemselves, falling within the 
sphere of my present contribution to the art, I 
desire that the foregoing discloiure be coniidered 
s simply illustrative and hot by way of limita- 
5 tion. 
I claire: 
1. An elon2ated, longitudinally-bored stud or 
bolt, a block of insulating material fixedly secured 
o said bolt or stud ai each end of said bore, and 
10 a p]ura]ity of fine wires extending through said 
bore and carried between said blocks and being 
insulatd from the walls of the bore, the termi- 
na]s of said wire or wires being electrically cou- 
p]ed ai one insulating block and ending in termi- 
15 nais ai the other block. 
2. An elongated, longitudinally-bored bolt or 
stud having an insulating block fixedly received 
in one end of said bore, and an electric current- 
carrying wire extending through said bore and 
2i secured ai one end thereof fo said bolt and ai 
other end fo said insulating block. 
3. In combination, an elongated, longitudi- 
nally-bored bolt or stud, an insulating block lïx- 
edly secured fo the bolt or stud ai one end of 
25 said bore, an electrical-current-carrying wire ex- 
tending through said bore and secured fo the bolt 
ai both ends thereof, ai least one said end being 
secured by way of said insulating block, and an 
electric circuit connected electrically fo the ends 
30 of said wire and including a source of current 
supply and an indicating meter. 
4. In combination, an elongated, longitudi- 
nally-bored bolt or stud; an insulating block pro- 
vided therein ai ai least one end of said bore and 
35 fixedly secured therein; an electrical current- 
carrying wire extending through said bore and 
secured fo the bolt ai both ends thereof, at least 
one said end being secured thereto by way of said 
insulating block; and an electrical circuit con- 
4O nected electrica]ly to the ends of said wire includ- 
ing a variable ohmic reæiætance, a source of cur- 
rent supply and an indicating meter. 
5. In combination, an elongated, longitudi- 
nally-bored bolt or stud having a block of insulat- 
ing material xedly secured fo said bolt or stud 
45 ai each end of said bore, electrical current-carry- 
ing wires extending through said bore and sus- 
pended from said insulating blocki, laid wires 
being electrically coupled ai one said insulating 
block and ending in terminals at the other insu- 
50 lating block, and an electric circuit connected 
with said terminali and including a source of 
electrical supply and an ammeter. 
6. As an article of manufacture, an elongated 
longitudinally-bored stud or bolt, an electrical 
55 current-carrying wire extending through said 
bore, means insulating said wire from the bore of 
said bolt or stud, and insulating means securing 
said wire to the bolt or stud ai each end of said 
bore. 
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